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Ab 血 亡t
A bilityof visbleinfrared radiom ete rfor standp 皿 eter eSdm adon w as e vAmated. T he dia meter at
breastheight ble eheight 血be r volu m e a nd s o o n were sde cted as the stazLd par am eter s･ H igh
co rTelahon cDeffidents betw e cn tho s estand param ele rsand rem ote s e n sing data w er eobser v ed in
s o me cha m els･ Tho u申 chan nels wi thstr o nBer abs orpdo nby chlor ophyll in the visible cha n n els
sho wed
.
lo we rco rr elabon, othe rchann els like at the gree n peak and di ered edge sho wed higher
co rr elahon wi dl the standpaJa m et rSI The tende n cy w as obse rv ed fortheim age ry obse rv ed in e2L=IyAugusta nd ea rlySeptember, thentho se wa velengthw e res e em edu s efu lto e stim ate w odybio m a ss
Tho ughhighc oFelationbetw e enleafbio m as s andthe n or m ah訟d differen ce v egetado nindex(N DⅥ)
w as r epo rted, no clea - ela血o n ship w as obs e wed betw ee n the N D Ⅵ and stand par ametersIHo w e ve r
,
hlghc orr elabon coeffic e nts ex cedingO･ 8 w ere observed betw ee nsta nd param etersaJld a
n om alized r血 )betw e e nthe 73 0n m and 也e2200n m chann els(N D 乃0 & 2200), andlittle obs e Ⅳad.n
angle effe ct w asidentified on the N D 730 & 22 00･ Thus theindex waspr obably us efd for bi｡ m a5S
es血1a 血 1 0fe v ergre en conifer ousfor ests u sing wide view angle sen s orim agery･
1. h tr odtICtion
T he re w er em any studies abo ut rel 血on ships betw e enbiom as s and data which w e reobtan ed by
visibleinfra red op丘c alsen s ors su ch as1 - ds atThem adc M ap per･ Tho ugh 也e reladon ships betw een
c rople af bio mas s a nd radiadon o r vegetado n ar enum erically w eu un 血
･
stD Od(As r aretal. 1989),
the re onlys o me detailw orks abo utb
-
e ele af bio m a s s(Fr anklin 1986, Peterson et･ al･ 1987, Spann e r
eLal･ 190･ Herwitz etal1 1990)a nd w o ody biom as s(A hern etal･ 1991). In m any studies,
railable num一光r Of chan nels andtheir spectralr ange s w er elimited and wide･ Cu rre nt teclmological
Impr ovem ent m akesitpo s sibletD Obs e rv er adia h from the ground in n a rro we rspe c血 chann elswi th fin ergainlikeCornpa ctAi 血m eSpectr ogr aphiclm ager(C A S‥,Babey et. al. 1993).
The A dva JIC ed Very HighRes olutio n Radio m et r(A V H R R) m adeit po s sible to analyze globalv egetadon dis trib 血on, ho w e ver, itslimita - is alre adyrecogmized bc ca lS eitha sonlytw o opdcalchan nels･ C h die Otherh and
･ ithasbe en requestedto re ve alus 血1w av elengdlfo rvegeta - an alysisfor the n ext gen erado n s atellite sensors･ The Global Vegetadon Scienc e Te n of the E町th
h vir o nm enta1 0 bserv血 o n Com mittee organized by the Nadonal Space 加 velopm e nt Age n cy ofJapan(NASPA)hasbe e nstudied us efulw avele ngthsfor woodybio m as ses血 血o n u sing ai,b. .n e
lm agery ain lng at Cerdfyingthe usefulnes softhe Global lm ager(G u)chann els, which wi ll be 血e
c or e s en s o r of A D E OS IIs ate11ite･ Res ults of the analysis aredes cribed in thispaper･
2･ SttLdyAr m a nd Data
A test site w as sele cted in the n ado nalfo re stin 也e no rth w e st of To m ako mal dqT(141
｡
30屯,
42
o
40N)in s o udl er nHokk ai doisland(Fill 1)･ The topography w as v eryflat and the ele v ado n w a s
;rubs,?iEe 謡㌘惣FT.h(e&tz .si%ruT:,o;pe:am欝1;S& e冨#;Se怒hGiS?.･壬Sids?T ho ughyedo spru ce wasplanted in alarge area befo re 1940･s･ akaez ospru c ew ere pla ntedin ,o w safterhte1950rs･ Beca us e of iL w ellgr ow lng Oldstands w e realm ostm on o c ultur e stands
,
butyo u ngstands w erealm ost mix edstands with broad-le a vedtr e esforairbornedatapr oce sl ng･
cheAirbo m e Muldspeclral ScaLn n er(M S S)im a!e and t wo C A SI im ages w ere obtain ed in1 993(Fig･2), and they w ere us ed in thlS Study･ Sp由ficahon softho seim age areshow nin thetable1. Fo,e sl
plan nlng m apsin di e SC ale of1 to 20,OCX)a ndtw o k in ds of aerialphotos w ere u sed as the ground
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truth. αle Of.
the m was bla ck and white phoID Of 1to 20,000 in sc aletake nin 1990, and the other
w as natu ralcolo rphoID Of 1to 30,000 in sc ale, which w a s Obtain ed atthe s a me 血 旭 Ofthe M S S
obs er va也on.
Fieldsu Ⅳ eys wer eco ndu ctedinJuly, 1993and in September, 1994 in adv anc eof the airbo me data
sTafvs!Ty
on
d
S
;n:eh!ptyru
o
a
n e
sAod31inn=99h3a=e
d
cl
b
&
n
s.
p%be2i 3b4,TtqberZ:lt%h2冒諾BT&.Tog,htal11in&e mm
and heightof 5up per storytrees w ere m e a sured･ Theplots w ere30m circlesin diameterfo r mature
sta nds(toptreeheighte x ce eds about12 m)andqu adrates atx) utO･ 似 hecto rforyo ungerstands･
3. A n alysis;
A heightJiameter cu rv e, fo r which theNaslund c u Ⅳ e w a sPPhed, w as estim atedu singtheplotdata
in1993. Helght of al1b･e c sw er ec o mputed fro mthe D. B. H. usingthe height-diam ete rc urv e, and
timber volu m e was es也m ated fo r 飽 Ch廿ee u slng3 v oltn etablesfor spruc e, fir andbr oad-le a ved
specie s eaCh･ Av erage･ m edian, topthre etre es and upper stDry
'
s vahes of D･ B･ H. , height and
v ol um e w er co mputed for e a chplot. The upper story w asdefineda 5廿ee sbetw ee n12. 5 %and 2 5 %
inthe o rderfrom thetamest tr e e. Standage, bas alarea aJld sta Jld den sity, which w as number ofb
'
e x: s
perhe cto r, w er ealso calc ulated･ ThosepaJa m eterS W er Calledsta ndparam ete rshereafter･
sozn e nor maliz ed differe n ce indic e sllSingthe M S S data w e re の mPuted a sfollo ws a m rdinB tO
res ults ofaprelim l na ry m ultiple r egr esio n a nalysis usingthe o riginalcha n nels･
ND VI≡(860n m -66 0nzn)/(860nm 十660n m)
N D 860 & 16(汰)
N D I600 & 660
N D 730 & 545=
N D 730&1050
I(860nrn - 1600n m)/(860n m ＋160nr n)
I(1600n m1660n n)/(160n m ＋660n m)
(73 0n m1545n m)/(730n m 十54 5n m)
≡(730n m-1050n m)/(730n m ＋1050n m)
ND 730 & 2 200= (22 α)n m-730nm)/(22 ∝ln m ＋730n 皿)
Traini ng area satdiePlots w ere s elected fr o mthe airbo me senso rim agery ahd theind 血s･ Sinc ethe
lo血 on ofplots w er e n ots a血sfacbry cl飽 rin theim agery, la rge rB
l
al nl g are aS than plotsize s w ere
s ele ctedto include the observ ed plots. Clo ILdsin 也e tw oC A SI im agespreve nted from sele cting也e
s am etral n lng are aS am O ng al1 im age s, ･but abo ut30plots w e re tLSed fo r e a chim age analysisI
Averages of chan n els andindices(he re after
･
,
a v e r age airbo r n edata) w er e co mptlted from the training
ar e a s' The C A SIdata were supplieda sdigitalnumbe rs, whichsho wedradianc e･
co rrelation c o effic e ntsbetw e e ndi ea V e rage airbo r n edata and the standpar a netzT S Wer eC Omputed.
The n the correh tio n c o eflficie nts were evalu atedtD kno w effe cdve chan nels and indice sfo r sta nd
par ameter esdm a6o n･ Sc attergr a m sbetw e en the a ver age airbo m edぬ and stand pam meters were
ex amin edto make cle ar也£irrelation ships･
A stepwise m uldple regr es sio nanalysis, s electl ng 飽 Chpar ameter as 也edepende ntv ariable and the
average airbo r ne data as theindepende nt v ariable s, w asemployedtD kn ow ability ofop屯cals e n s o r
data orindicesforstandpara mete r e s血m ations･ T hen the tip per Storyheightw a s e stimated u singthe
M S S im agery a nd three r egr es sion m odels, andtenden cies of 也e es也m aBo n w erevisually ex amin ed
tok110 W View a ngle effects1
4. R esults and D is c Ⅷs sio n
Sincebodl Sens o rhad wide viewing angles 汀able1), 血e obse rv adon angles w er differe nt am o ng
plots, and it w ouldc aus edifferent bi-dir ecdo n alrenectance effects o nr ene ctan ce of diefore sts･
Ho w e v er
,
this effe ct w as alm ost n egle ctedinthefollowingdis c u s sion dl etOdifficuly ofn u merical
evalu ation of it. T ho ughM S S had wider vie w angle 也an C A SI, the･ plots spr e ad almo st wi 也in 血e
vie w of CA SII T he n wi de r view a ngle of M S Sw on
'
t be a s erio u spr oble m in 也e follo w mg
dis cサSSio n･ 伽 the o也e rhaLnd, differ ent observado ndate a nd 也rn e c aus ed diffe r ent su n
-s enso r
lo cati ons
,
and s e v erbi-directionalr efle cta n c e effcts w as recogniz ed atthe oppo site side ofthe s u n
in the M SS im agery(Fig. 2).
4.1 Co r rehtiQTL Co e皿 cie nts
Correlabo n coefficients betw e e n s t and pa Tam eterS and digtalntl mbers w e reshow nin Figu re3.
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Higherc orrelado n c o effic ents appearedin chan n els otherdl an Shorte rvisible ch an n els(<500rLn), the
chlorophyl- a abs orpdon 血 an n el(wi th its pe ak a m und 660n m, We s s man 1989) and sho rt w a v e
infrared cha n n els･ T he re a so nfo rdie C as e Of short w a,ve visible may be as follo w s. Since the
c orrelatio n c o efficLe ntS be czu n e w o rs ein sho rtE:r W a Veleng札 ah o spheric s catterlng Probably m ade
redu c e specb
l
al info r m a6o nbadly. Thotlghitis quitehaLldto tellthe re as o nfor仙e660n m chan n el,
sb
'
o ng abs?rpdo nbychlo r ophyll mightm ake radi 血o n, which w ouldbediffe re ntby ea ch stand due
to cr ow n sI Ze andstand den sity, u n cle ar.
Ch the o血erhand
,
higher correlatio n a r o undgreen peak and red edge cha 皿 els suggest血at I地 er
ne ud spec 血 pr operbes, w hich are b alanced abs o rpbo n, tr an smisio n and rene血 ) n, of gr 肥 I
lea ves n ay ke ep m uch caJ10PyShapeinfo r matio n with in the radiado n dl an Chlorophyllabs orptio n
chan rlelsI T ho ugh 也e reas on w asun clea r, dier es ults suggested也atgre etl peak and red edge region s
w ere Impo rtantfo rw o odybio mas sestim atio n.
Bythe w ay, there w as ate nde ncythat av e rage digitalnu mbers sho w ed higher c orr elado n with the
median D･ B･ H･ and heightodle rthan a ny othe rfor msinduding aァerages especiallyin die Visible
channels(Fig･ 3). Alle n etd･ (1991)repo rbd that ml'ldple re芦reSI O n m odels u sing median value s
for allva n able ssho wed higherdetE:Tminantco eficients血 an usl nga v erage Valu esto e s也m ate spru 00-
fir volum e. Itse em s si mi 1arwitho u r r e s ults,
It w a s
.
r ecogniz ed ir1 也e_p
reh min ary m uldple regre ssio n analysis that 730nm had the highest
c o rrelahon with many stazLd para m eters, and 22 ∝bm or lO50n m was s el cted a s the se c ond
ipdqx nd8ntV ariablesirl m ost CaLS e･ It w as cl飽 r thatthelonger short w a v einfrared(2200n m)w as
m ore tlS efd for standparzLm ete r e Stim a6on than sho rter o ne(1600nm)in m ultiple r egression m odels.
A he m et･al.(1991)repo rteda si mi lar re s ultabo tlindic es usingtho s einfr ar edchan n els.
T heN m O & 2200had diehighest correla丘on m effic ents wi 血 alls t andparam eters e x c eptthebasal
are a(be stc ase･ r:-0･86widlDI B･ H. top3)･ The c o r rel血o n c oeffic ents
.
w er e signific andyhigherthan
thos ededyed u sing odginal chan n els･ T heind鑑 had highercorrelabon withpa r耶 n eterS Of upper
story than tho s eby ave r age and m edia n･ Si mi lar te nde n cy w as fotlndin the N D 860 & 16 m, which
sho weddie S e c ond be stindex showinghighc orrela由 n withm any 紬 ndpar am eters(ex. た0. 82 wi dl
D･ B･H . top story).
4.2 Sc atte rgm m
T he sc attBrgram S(Fig･ 4)bet we e ndigitaln umbe r a nd stzmdparam eter ssho w ed aline ar rela血 nship
betvF ∝n digital ntlmber and 紬 ndpa m cters･ Highco rrela加n co ef icie nts e x c eeding0. 8(or - 0.8)
e n c o uragetD estim ate sta ndpara m et rs withus able a c c ura cybyopticalr em ote sen slng･ 血Ie re a s on Of
s u ch ahlghc o rrela血 n m aybethatthe mix rate of deciduo u sb･cc sha ve de a r relation ships withsta nd
age untilspru ce stand clo s ed in thetestsite(Aw aya et.al, 1995).
m eplots w e re widelyspr ead in the s m antpec gr o upindie SC attergra m S Of M S S data(Fig. 4a,b), and
the co r ela血 n coeffic e nts w er e w ors etha zLtho se of C A SI data(Fig･ 3)I This m aybe m u sedbythe
bi-dlreCtionalreflectan cefeatur e ofspruc edueto vi¢w a nglediffer ence s.
As des cri bed befo r e
,
the N D 730& 22 ∝〉had significantlybigge rc orrelatio n c o efficients Withm o st
stand par ameters･ A bo ve al, the N D 730 & 2200 improv ed the correlabo n co effic e nts signific a ntly
co mparing withthos ein originalchann els(Fig･ 4ba nd 5b)I T he main re aso nisprobably that taking
r ado reduced 也e view angle effectslgnifi役 ndy･ Ho w e ver, shce the othe rindice s could be ca ughtthe
sam ebe n efit, ther e w o uld be anyo也er reasわn of the exc e11e nc e･ Unfo rtunately, ally Odl er re as o n W a s
u nkn o w n･ Ifitbeco m e clear
,
the u sefuln e s sand li mitation ofthe N D 73 0 & 2200will be rec ognized･
The rew as a c urve -lin ear relation shipbetw e en the N D 730 & 22 00and afew staJldpa r a mete rs(Fig. 5d).
For ex ample,thetop3tr e e v olum e sho wed m ore cl- c urve l inearfe Eturethan 触 v ol um eperhe cto r･
This mayberelated with for eststru ctures, w hich w o uld ha ve a-greatinfluen ce o nr adlabonfro m the
sl.a nds.
Otherindicesin cludingthe N D VIsho wed m uchpoo r resultsthanthos eoftheN D73 0 & 22 00(Fig･ 5)･T houghit w a s r eported that the N DⅥ had cu rvellin ear relation ships with le afbiom as sfo r c rops
(Asrar et･ al･ 1989)and e v ergree nconiferfo re st (Peters o neLal･ 1987, Span n er et. al. 1990),it w as
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notu sef山to早Stim ate standpar am et rs us ed in thlSStudy1
4.3 Mnltiple Regr es sio n AIlalysis
T he ND 乃0 & 22 00w as cho se n a5thefirstvariablein the stepwise regres sio nanalysis ex cq)tage, tr e e
de nsity and volu m eperhector･ Ev e nifthe seco nd and die hiFd independent v ariables w er eput
e o rrela血 n co effic ents didn
'
timpr o ve w el ･ It a nd diehigh c orrelation wih the stand para meters
mights uggestdlat the N m O & 2200c ontan ld m o stspeck.al info r m atio n r el 血1g With fo rest Stand
param eters, which w e rerelated with the size･
Since clear vie w angle effects wereobser v ed in ale Originalcha n n els,it w a so n eofinterest thate a ch
index redu c ed the effe ctho w w ell. Tho ughI didnotsho windic es phob s, the vie w angle effe ct w as
ha rdto rec ogn lZe Vis uallyin theN D乃0 & 2200and the ND Ⅵ･ Ho w e v er,itw as n um e n c allye valtlated
that there was a cle ar vie w a ngle effe ct o n the N D Ⅵof.spru c estands (A w aya et. al. 1994), a
nu m eric ale valu at10nis als o n e cssa ryforthe N D 73 0 & 2200･ The vis u al hspecdo nals o show ed that
channels wi th higer corr elation withsta ndpar am ete rsdidn'tallo wfo r est types clear.
The e s也mated upper storyheight using the N D 73 0 & 22 00alo ne show ed lit也e view angle effe ct
Ho wev er, ifm odels widl Otherindices or chan n els were u sed
, 加 eheightw asestln ated lo werin 血e
middle dlanin the cas e ofthe N D 730 & 2200 alone m odel(Fig. 6). T ho ugh fhrdler eVdtlado nis
n ecessa ry,dieN D 730 & 2200see medv eryu sefulfo r spruc estandparam eter e stlm ation.
5_ Co n cltISio n
Thefollo wlngltem Sbec am ecle arin this study･
ll T he chlo r ophyllabs orpdon chan n el around 660-670nm didn
'
tha ve hlghc orr elat10n With fore st
Standparam ete rs s u ch as 血e standde n sib,, D･ B. H . ald b
･
ee height On 血 e otherhand, cha nn els
about 70 to 7 15n m had the gre atest cor rela血 n c o effic e nts wi thm ost of stand par an eters ･
Ho w e v e r
,
the r e as onis n otre v ealed.
2･ M edian valu esof DI B･ H. , height and v olu m ehad gr eate r co rrelation cpeffic ents withorigind
cha n n els
,
e speciallywiththe visible ch ann elsthan av erage valu es o r uppersto ry valu es･
3･ T heN D 73 0 & 2200 had greatestcorrd 血o nwithm any standpar am eters. Itw as.sele cted asdieflrSt
v ariablein the stepwis e r egresion analysis, and be c m s eof thegr eater c orr ehtio n, o也erchann els
didn
'
timpr o v e c o rr elado n c o efficie nts whenthey
.
w ere CO mb hedwith theinde x･4･ The N D 73 0 & 2200s 紙 -l edto m ake reduce vle W lng angle effe cts signifiⅧ ltly and sho w ed a
r easo nable estl m ation ofupper sto ryheight.
5･ T he N D Ⅵ
･
w hich is the m o stc o皿 I10n Vegetadonind鑑 ･ didn
'
tha v e any Clew relaBon ships with
standpam m eter s u s ed in 也is study･ The N D 鮎0 & 1600w o uld be m o st usefd inde xfor spruc e
standpaJ u l ete r e Stim adon am ongindic e s, whichcan bederiv edtlSingT M data･
T hu s ud ulness ofr ed edge chan nels and indic e suBingthe chan nel be cam e cler･ How ev er, 血 eedie
red edgeinne ct10n positio n m o ves se舶 O n a11y, usefdn es sof the spe ck
.alr eglOn m u s tbe c arefully
e v aluated.
6･ A ckn o wledgm ent
T his study w a se xe c uted bythe s uppo rtfo rthe M S S data a cqulSition and fieldsurveys ofN A S D A.
T he a u血or expr e ss e sdeep gr atitude to N A S D Astaff, Dr･ Moriy am aforhis CO O rdina6o naJld Mr.
Maes atoforhis s uppo rt o nthefieldstudy with 放･ Tsukada, Mr. Nakajim a and Mr. Ikeda. T he
a u血or als o e xpre s e sde ep･ap pr e ciabon to 放 ･ In o se, Mr･ San o, Mr. Ishiba shiand Mr. Ama n o of
FF P RI
,
Hokkaido offic e, Dr･ Ts uyukiand his stude nts of die U miv ersityof Tokyo, and Mr. Kato
and Mr･ W atan abe ofthe H okkaldo Prefe ctu reFores叫 In sdtute fo rtheirSuppo rts On the field
n eaS ure m en tS.
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- 71 -
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